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Field Dependence of Transport Jc for MgB2
Superconducting Wire by Suspension Spinning
Tomoko Goto, Hisayuki Katoh, and Kazuo Watanabe
Abstract—The field dependence of transport or MgB2 super-
conducting wire by suspension spinning was examined at 4.2 K in
magnetic field up to 10 T. The suspension spinning of commercially
available MgB2 powder was examined to fabricate a long super-
conducting MgB2 wire. The as-drawn filaments were pressed and
pyrolyzed to remove volatile components. The filamentary samples
were then cold-pressed, enveloped by an iron sheet with a pellet of
mixed powder of Mg and B or with Mg powder, and vacuum-sealed
in a fused quartz tube and sintered. The of the sample was
strongly dependent on the starting materials and sintering condi-
tion. Although the transport value was low such as 4500 A/cm2
at 4.2 K and self-field, the value of more than 200 A/cm2 was
maintained by applying the field of 10 T.
Index Terms—Field dependence of transport , filamentary
MgB2, suspension spinning.
I. INTRODUCTION
THE DISCOVERY of superconductivity in MgB at 39 Khas attracted much more interest from researchers not only
in basic physics but also in the field of applied superconductivity
[1]. The material is expected to be useful for various electric
power applications as well as electronic device applications due
to its relatively high transition temperature, weak link free grain
boundaries, less anisotropy and low cost [2]. In order to eval-
uate the potentiality for power applications, the development
of wire processing technique is essential. Because of its easi-
ness of scale up production, recent efforts at wire fabrication
have centered on development the powder-in-tube (PIT) process
[3]–[5]. However, the transport critical current density ( at
4.2 K of the PIT processed tapes rapidly decreases in an ap-
plied magnetic field due to its weak pinning force. Recently, we
have developed fabrication of MgB filaments by a suspension
spinning method to provide a simple manufacturing process for
wire making with good processability [6]–[8]. In this paper we
present the field dependence of transport for MgB super-
conducting wire by suspension spinning. The effect of zinc and
indium addition on the field dependence of transport was also
examined to improve the pinning force.
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II. EXPERIMENTAL
The preparation of filamentary MgB superconductors was
described in the previous paper [6]. The commercially avail-
able MgB powder was passed through 350 sieves. The powder
was suspended in a mixed poly (vinyl alcohol) (PVA) solution
of dimethyl sulfoxide and hexamethylphosphoric triamide. The
viscous suspension solution was extruded as a filament into a
precipitating medium of methyl alcohol and coiled on a winding
drum. The as-drawn filaments were cold-pressed and pyrolyzed
at 500 C for 30 min to remove volatile components. The fila-
mentary samples were then uniaxially pressed and enveloped by
an iron sheet with a pellet of mixed Mg and B powder or with
Mg powder to prevent Mg loss. The samples were sealed in an
evacuated quartz tube and heated.
The electrical resistivity of the filamentary sample was
measured by a standard four-probe technique. Silver paint was
used to connect silver-sputtered parts of the filament with Ag
wires 100 m in diameter. The sample was embedded in a
substrate using epoxy resin (GM-6600 Genus) and set on a
measuring holder. External magnetic fields were applied in
a direction normal to the filament length using a helium free
11 T superconducting magnet at the High Field Laboratory
for Superconducting Materials, Tohoku University. Currents
were passed along the direction of the fiber axis and normal to
the applied magnetic field. The was defined by the offset
method from the point on the – curve at which the voltage
of 1 V appeared between voltage terminals separated 2 mm.
The microstructure of the samples was also studied using
X-ray diffraction (XRD) and a scanning electron microscope
(SEM) with energy dispersive X-ray analysis (EDX).
III. RESULTS AND DISCUSSION
Two kinds of commercial MgB powders of Rare Metallic
Co. Ltd. (99%) (sample 1) and Alfer Aesar (100%) (sample 2)
were used for the starting materials. The as-drawn filament was
pyrolyzed at 500 C for 30 min in air. The pyrolyzed sample
1 had a mixed structure of MgB and MgO, whereas the py-
rolyzed sample 2 was a single phase of MgB . Then sample 1
was sintered at 900 C for 4 h and sample 2 was sintered at
885 C for 2 h to exhibit high value at 4.2 K and self-field
[7]. The crystal structure of the sintered samples was a mixture
of MgB and MgO phases. The volume fraction of MgO phase
was estimated from the peak intensity ratio of (200) of MgO
phase (CuK : ) versus (110) of MgB phase (CuK
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Fig. 1. The field dependence of transport J at 4.2 K for sample 1 and sample 2.
: 2 ). The sintered sample 1 contained 46% MgO
phase and 20% MgO phase for sample 2.
The field dependence of for the sample with high critical
current more than 2 A at 4.2 K and self-field was examined. As
the samples were sometimes burn out by applying the current
more than 2 A, the correct value was not measured in a low
field region. The field dependence of transport for sample 1
and sample 2 is shown in Fig. 1. Although the transport value
of sample 1 was low such as 4500 A/cm at 4.2 K and self-field,
value of more than 200 A/cm was maintained by applying
the field of 10 T. On the other hand, the superconductivity at 4.2
K for sample 2 was disappeared by applying the field more than
9 T.
Many groups have measured the critical current density and
its temperature and magnetic field dependence for MgB tapes
or wires. We have to mention that most of the data were in-
ferred from magnetization measurements [2]. H. Kumakura, A.
Matsumoto, H. Fujii, Y. Takano and K. Togano measured the
–B curves at 4.2 K for MgB /Ta tape by both magnetic and
resistive methods. In this case, current and voltage taps were
directly soldered to the MgB layer. Below 4 T, the resistivity
saturated and became much lower than the magnetic . Al-
though the magnetic for the tape was high such as 10 A/cm
at 4.2 K and self-field, the resistive was low as 4000 A/cm
at 4.2 K and self-field. This saturation of resistive is due to
the heat generation at the contacts between the sample and cur-
rent leads [9]. On studies of large transport critical current in
dense Fe and Ni clad MgB superconducting tapes, the authors
pointed out that lack of thermal stabilization caused sample
quenching above a given current density in most samples and
it will be essential to use thinner filamentary sample or multi-
filamentary tapes [5]. As the present sample soldered by silver
paint and embedded in epoxy resin, the amount of heat genera-
tion is much high and the cooling efficiency is much low. Con-
sidering the heat generation of the present sample, the value
of sample 1 of 2500 A/cm at 4.2 K and 5 T is compatible with
that for the PIT tapes.
The SEM image of the cross-section of sample 1 and 2 is
shown in Fig. 2. Densely stacked MgB was observed in the
Fig. 2. Scanning electron microscopy images of cross-section of the
filamentary samples. (a) Cross-section of sample 2. (b) The high-magnification
microstructures of sample 1. (c) The high-magnification microstructures of
sample 2.
cross-section of both samples. The grain size of the both
sample is very fine such as 25 nm 50 nm. Many micro
cracks are observed for sample 2. The grain size of the present
sample is lower than that for the PIT tape such as sub micron
[3], [4]. This arises from the starting slurry state in the vis-
cous PVA solution. As the reproducibility of high for sample
1 was poor, the precursor filament from Alfer Aesar powder
Authorized licensed use limited to: TOHOKU UNIVERSITY. Downloaded on March 02,2010 at 20:37:04 EST from IEEE Xplore.  Restrictions apply. 
GOTO et al.: FIELD DEPENDENCE OF TRANSPORT FOR MgB SUPERCONDUCTING WIRE 3231
Fig. 3. The field dependence of transport J at 4.2 K for sample 2 and sample 3.
was sintered at 830 C for 3 h with Mg powder (sample 3). The
sintered sample 3 contained 20% MgO phase and consisted of
the corral-like structure with fine grain size of about 50 nm [8].
The field dependence of for sample 2 and 3 are shown in
Fig. 3. The value at 4.2 K for sample 3 is higher than that for
sample 2 by applying the field more than 4 T and the value
of 150 A/cm is maintained by applying the field of 10 T.
It is known that the –B curves in MgB are determined by
its pinning properties and not by weak link effects. In order to
increase in wire and tapes, the fabrication process must be
optimized by using finer starting powders or by incorporating
nanoscale chemically insert particles that would inhibit the grain
growth. It was also reported that MgB thin films that are al-
loyed with oxygen, can exhibit a much steeper temperature of
the irreversibility field and very high critical densities at 4.2 K
[10]. On the other hand, enhancement of mechanical and super-
conducting properties of MgB compounds due to effective in-
terconnection between grains was also reported [11]. The high
at 4.2 K and 10 T for the present samples may attribute to
the alloying with oxygen and effective interconnection between
grains.
The chemical doping is easily controlled nondestructive and
highly efficient in improving microstructure and flux pinning.
Recently, K. Tachikawa, Y. Yamada, O. Suzuki, M. Enomoto
and M. Aodai examined effects of metal powder addition on the
critical current in MgB tapes and found the enhancement in
transport by indium addition [12]. As the enhancement of
the irreversibility field was not observed, it was considered that
indium addition improved the linkage among MgB grains.
The substitution effect of indium on the field dependence of
the for filamentary sample was examined. The precursor fil-
ament from Alfer Aesar powder was sintered at 880 C for 1 h
with a pellet of mixture of Mg, In and B powder with nominal
composition of Mg In B (sample 4). The sintered sample
4 contained 17% MgO phase and consisted of relatively rough
structure with grain size from 200 nm to 800 nm as shown in
Fig. 4. The field dependence of for sample 2 and sample 4
presents in Fig. 5. The of sample 4 was slightly enhanced
by applying the field more than 3 T. The superconductivity of
sample 4 was maintained at 4.2 K by applying the field of 10
Fig. 4. Scanning electron microscopy images of cross-section of sample 4.
Fig. 5. The field dependence of transport J at 4.2 K for sample 2 and sample 4.
Fig. 6. Resistivity as a function of temperature for sample 2 and sample 4.
T. ( A/cm at 4.2 K and 10 T). Fig. 6 shows the tem-
perature dependence of the electrical resistivity of the samples.
Both samples exhibit superconductivity at 37 K. The normal re-
sistivity of sample 4 is slightly higher than that for sample 2.
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The indium content in sample 4 was examined by EDX anal-
ysis. Although the surface of sample 4 contained 4 wt% indium,
the inner indium content of the sample was detected to be less
than 1 wt%.
It is reported that substitution effect of zinc in MgB super-
conductors shows the light lowering of by about 0.5 K for
0.05 Zn [13]. Therefore the substitution effect of zinc on the
field dependence of for the filamentary sample was also ex-
amined by substituting zinc into the precursor filament and by
using a pellet of mixture of Mg, Zn and B. The at 4.2 K
decreased rapidly by applying the field more than 0.5 T and
the superconductivity was disappeared for the zinc-substituted
sample.
Further detail studies of the substitution effect on the for
the filamentary sample are now proceeding.
IV. CONCLUSION
The field dependence of for the filamentary sample was
examined. The sample was fabricated by suspension spinning
of two kinds of commercially available MgB powder. The pre-
cursor filament was vacuum-sealed in a fused quartz tube with
a pellet of mixed Mg and B powder or with Mg powder to pre-
vent Mg loss and sintered. The of the sample was strongly
dependent on the starting materials and sintering condition. Al-
though the transport value was low such as 4500 A/cm at
4.2 K and self-field, the value of more than 200 A/cm was
maintained by applied the field of 10 T. The effect of zinc and
indium addition on the field dependence of for the samples
was also examined to improve the pinning force. Indium addi-
tion resulted in the slight enhancement of the at 4.2 K by
applying the field more than 3 T.
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